Only a few sage cultivars have been selected until now, which can be still characterised by quite high individual variability. Further exploitation and analysis of individual variability seem to be necessary for successful improvement of populations.
INTRODUCTION
Market demand for sage is actually low, but the utilisation of sage is expanding for fresh home consumption and, in the food industry, as a seasoning component of ready-toeat meat products. As a consequence, the area devoted to sage cultivation is slightly increasing. However, very few sage varieties have been selected until now and seed availability is low. According to our experience, high individual variability exists within populations, even of registered cultivars.
Despite the increasing interest, sage most likely remains a minor crop, for which expensive breeding programs do not seem realistic. Quick and rapid methods would therefore be necessary for the selection of improved and fairly homogeneous types. The main aims of the present work were: a) studying individual variability of sage plants within a selected population by using different sets of visually determined or measured morphological features and chemical characters; b) comparing the results to find correlation between the different approaches; c) taking into consideration the possibility of chemotype selection by means of rapid, indirect observation of external plant characters.
MATERIALS AND METHODS

Plant Material and Growing Techniques
Plants of a sage population, obtained by a breeding program at the University of Florence, called SYN1 or 'Antella' (Landi and Berton, 1994) were planted at Cesena in April, 1998, by spacing of 0.8 x 0.5 m. No fertiliser and only two irrigations were applied after planting. The selected plants were harvested on October 15, still in the vegetative phase.
Visual Classification of Individuals According to Qualitative Morphological Characteristics
The plants were visually examined regarding plant habit and other morphological characters. As a result of these investigations, six main morphological types were preliminarily distinguished as follows: p1 -plants scarcely branched, with big leaves; p2 -medium size, whitish leaves; p3 -medium size, green leaves; p4 -tall plants, medium size leaves; p5 -plants densely branched, small leaves; p6 -big whitish leaves.
Fifteen plants were marked for subsequent analyses from each of the first five groups, and ten from the sixth group. During the further detailed morphological observations, nine qualitative traits were evaluated at a seven point scale as follows: ph (plant habit) 1: prostrate, 7: erect; pb (plant branching) 1: abundant, 7: scarce; sl (shoot leafiness) 1: very scarce, 7: abundant; ls (leaf shape) 1: lanceolate, 7: ovate; lc (leaf colour) 1: whitish; 7: dark green; lh (leaf arrangement) 1: erect (45°); 7: procumbent (135°); pl (petiole length) 1: very short; 7: very long; lb (leaf base shape) 1: sharp; 7: obtuse; la (leaf apex shape) 1: sharp; 7: obtuse.
Measurements of Quantitative Morphological Traits and Chemical Composition
The following quantitative morphological features were measured on all of the 85 above mentioned selected plants: -plant height, -number of primary branches, -number and dry matter content, mean area and specific leaf area of leaves (main leaves of main and lateral shoots as well as bunches of axially leaves of main and secondary branches) -dry matter content of stem fraction.
For essential oil analysis 0.5 g of air dried, powdered leaves were extracted in 3:1 dichloromethane:n-penthane for 24 hours in the dark. Solvent extraction has been earlier indicated as an effective and rapid method to analyse individual variability of essential oil (Länger et al., 1996) . The analysis was done on a 3300 Varian gas-chromatograph, equipped with a Supelco WCOT fused silica column (SPB5, 30 m x 0.25 mm), coupled with a Finningan 40 ITD mass spectrometer. The GC temperature program was 60 °C (2min) to 240 °C (1 min), at 3 °C min -1 . MS conditions were as follows: transfer line, 250 °C; ion trap manifold, 200 °C; emission current 70 eV, electromultiplier, 1550 V; scan mode, full.
Statistical Data Analysis
Parameters obtained by morphological measurements or chemical analysis were separately used to group the marked plants, independently of the visual classification. Plant grouping was preliminarily obtained by means of non-hierarchical clustering. Optimum solution was selected by means of discriminant analysis, choosing the number of groups giving the highest percentage or correctly classified plants. Differences among groups were further monitored by means of univariate and multivariate analysis of variance applied at each set of characters.
The correspondence of the groups obtained by three different criteria (preliminary visual grouping, morphological measurements and chemical analysis) was checked by means of χ 2 applied at the r x n tables, where r and n were the number of groups of the binary combinations of each classification criterion. Discriminant analysis was also used to check the classification of the plants according to the other classification criteria.
RESULTS
Sample Grouping Based on Qualitative Morphological Characteristics
Five groups (m1-m5) were distinguished by means of k-means clustering and subsequent confirmatory discriminant analysis, that gave 100% correct classification of individual plants. The four discriminant factors explained 63%, 24%, 7% and 6% of total variability, respectively. Factor 1 (Fig. 1 ) was positively correlated to leaf shape (ls), apex (la) and base (lb) shape and plant branching (pb), and negatively to shoot leafiness (sl) scores. The factor 2 was positively correlated to plant branching (pb), shoot leafiness (sl), plant habit (ph) and negatively to petiole length (pl) scores. The five groups were well discriminated by factor 1 (Fig. 2) , increasing values of which differentiate less leafy plants, with tendential ovate leaves with obtuse base and apex.
Factor 2 further discriminated groups m2 and m3 ( Fig. 2) , characterised by higher branching score (less branched) and plant height scores. Factors 3 and 4 had low discriminant capacity among groups. The pattern of measured leaf number and plant branches is substantially consistent to grouping obtained by morphological features, whereas non relevant differences of the other detected parameters were observed on the groups obtained in this way. The five groups did not differ concerning the content of the main essential oil components, either.
Sample Grouping Based on Quantitative Morphological Characteristics
Four groups (b1-b4) were divided and confirmed by discriminant analysis, giving 100% correct classification. Almost all variability (95%) was explained by the factor 1, negatively correlated with small (ns) and big leaves (nb) number and plant height (hp), and positively with small leaves mean area (as) (Fig. 3) . The four groups were well discriminated by the first factor (Fig. 4) on which axis the groups of taller plants with higher leaf number lay on the negative side, as also confirmed by the values of individually measured characters. The second and third discriminant factors, although correlated with some of the recorded characters (Fig. 3) , had low discriminant power among groups (Fig. 4) . As a whole, number of leaves and plant height had a prevailing weight in sample discrimination.
Sample Grouping Based on Essential Oil Composition
Five groups (o1-o5) were obtained as the optimum number (100% correct classification). The four extracted discriminant functions explained respectively 74%, 18%, 7% and 1% of variability. The first discriminant factor was negatively correlated to α-thujone (c7), and positively to β-thujone (c8) and camphor (c9) contents (Fig. 5) .
The five groups were clearly discriminated by factor 1 according to their α-thujone (c7) content (Fig. 6) . Factor 2 was positively correlated to camphor (c9) and negatively to β-thujone (c8) contents (Fig. 5) . It effectively separated group o3, having high β-thujone from the other ones (Fig. 6) . Factor 3 was negatively correlated with 9-epi-caryophyllene (c11), α-humulene (c12) and 1,8-cineol (c6) (Fig. 5) . It separated groups o1 and o2, having a higher total level of sesquiterpenes than the others. Minor differences among samples were observed for other oil components.
It can be noted that both plant branching scores and number of primary branches seem to be associated with high α-thujone group o4, having also lower specific leaf area and higher dry matter content of both leaves and stems.
Preliminary Sample Grouping and Correspondence with Other Grouping Criteria
The 6 groups (p1-p6) preliminary distinguished on the basis of the overall plant aspect differed for many characters. In Table 1 the percentage of correctly classified plants of the 6 groups, on the basis of qualitative and quantitative morphological features and essential oil characters, is reported. Groups p4 (tall plant, medium size leaves) and p5 (very branched plants, small leaves) had the higher number of correctly classified cases. Individuals of these groups can be described as respectively erect, low branched, and semiprostrate, highly branched plants. The mentioned differences are confirmed by the values of plant height, primary branches and mean leaf area in the measured character set. They can be characterised as the tallest plants with the highest mean α-thujone and lower camphor content. χ 2 indicated deviation from expected values for the following combinations: a) preliminary groups and groups obtained by morphological measurements (χ 2 =95.1**). In this case, significant contributions to overall χ 2 were given by the following combinations: p1 (big leaves, few branches) -m3 (characterised by big leaf area, low branching score and obtuse leaves); p4 (tall plants, medium size leaves) -m2 (characterised by high plant habit score and higher, although not significantly; p5 (branched plants, small leaves) -m1 (characterised indeed by low score for branching and low plant height); p6 (big leaves, whitish colour) -m4. b) preliminary groups and grouping by essential oil composition (χ 2 =32.4*): all the plants of the p4 group corresponded to groups o1 or o4, having the highest average α-thujone content.
DISCUSSION AND CONCLUSIONS
Comparing the data of qualitative and quantitative morphological investigations, it was shown that scoring for leafiness tend to be affected by plant height, since shorter plants were scored as more leafy, whereas number of leaves was higher in taller plants.
No evident association was detected between plant habit and other characters such as leaf dry matter of specific leaf area.
As a whole, each grouping system seemed to be suitable to group the individuals. Each system is, however, suitable for specific purposes, such as the selection for essential oil composition, and plant growth habit. None of the evaluation methods based on morphological characters gave homogeneous groups for essential oil composition. The qualitative composition of sage essential oil was not different from that recorded in other experiences (Piccaglia et al., 1997 , Chalchat et al., 1998 , Dudai et al., 1999 , except for the absence of mannool, due perhaps to the extraction method. The examined population showed plant to plant variation of the percentage of the main essential oil components almost as high as that found formerly among populations, varieties and clones of very different origin (Chalcat et al., 1998 , D'Andrea and Marzi et al., 1999 , Aiello et al., 2001 ). This fact demonstrates that some of the currently available populations are not yet homogeneous for active ingredients, having been selected mainly on the basis of plant shape and agronomic performances.
High level of α-thujone content seemed to be associated with plant height, low branching, big leaves and high dry matter, although variations were considerable. A selection for these characters as markers, therefore, may result in obtaining high α-thujone containing plants in a short time without restricting too much the number of selected individuals. Individual plant evaluation, however, remains the only way to effectively select for well defined essential oil composition, or specific combinations of morphological and analytical characters.
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